The Brief Assessment of Cognition in Schizophrenia (BACS) is a concise tool designed to evaluate cognitive deficits in schizophrenia. We examined the possible association between BACS scores and whole-brain structure, as observed using magnetic resonance imaging with a relatively large sample.
S
CHIZOPHRENIA IS A psychiatric disorder characterized by positive and negative psychopathological symptoms and cognitive deficits. [1] [2] [3] Many instruments have been developed for the assessment of cognitive functions in patients with schizophrenia. 4 Among them, the Brief Assessment of Cognition in Schizophrenia (BACS) is a concise tool designed to evaluate cognitive functions that are characteristically impaired in patients with schizophrenia. 5 Although the mechanisms underlying the cognitive deficits in schizophrenia have been studied using multiple modalities, 6 they have remained unclear. A series of studies investigated the relation between cognitive deficits in schizophrenia and brain structural abnormalities using magnetic resonance imaging (MRI). 7 A whole-brain voxel-based morphometry (VBM) study revealed smaller gray and white matter volumes and altered structurecognition relations in patients with schizophrenia compared to HC. 8 Schizophrenia-related abnormalities have also been detected in the white matter regions by diffusion tensor imaging (DTI), as reviewed by Fitzsimmons et al. (2013) . 9 In a wholebrain tract-based spatial statistics (TBSS) study, the regional fractional anisotropy (FA) values were solely correlated with the processing speed score in the Screen for Cognitive Impairment in Psychiatry (SCIP) battery in 25 patients with schizophrenia.
10
Another whole-brain TBSS study showed that processing speed, verbal learning, and visual learning scores positively correlated with regional FA values in 17 patients with schizophrenia using the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) Consensus Cognitive Battery (MCCB). 11 Several studies have reported an association between BACS scores and brain structures in patients with schizophrenia. One of these studies reported reductions in the scores and VBM-based brain volumes in eight patients with schizophrenia with or without polydipsia. 12 The volumes of the gray matter regions were positively correlated with the working memory, processing speed (attention), and problem-solving (executive function) scores in 17 patients with schizophrenia, as revealed by whole-brain VBM. 13 Verbal memory and composite scores positively correlated with the posterior splenium corpus callosum volume as analyzed with the FreeSurfer software in 224 patients with schizophrenia.
14 To our knowledge, however, there has been no study examining the association between the BACS scores and DTI findings in patients with schizophrenia.
Apart from many other region-of-interest studies, whole-brain correlation analyses between cognitive function and gray or white matter structures have been performed using comprehensive cognitive batteries, such as the SCIP, 10 MCCB, 11 and BACS 13 (summarized in Table 1) in American, Asian (Chinese), and Spanish patients, respectively; however, their results somewhat varied. It is important to fill a gap in the current knowledge of these whole-brain correlation analyses by investigating both gray and white matter using a larger sample, which would contribute by providing valid data and accumulating findings in this research area. We hypothesized that analysis with whole-brain VBM and DTI would reveal new associations between BACS scores and brain structures in a relatively large sample of patients with schizophrenia and HC, and that the use of BACS, as opposed to other instruments, would provide different results. Furthermore, we aimed to verify whether the previously reported findings on the association between cognitive function and brain structure could be replicated in Asian (Japanese) patients.
METHODS Subjects
The study sample comprised 116 patients with schizophrenia (mean age, 39.3 AE 11.1 years; 66 men) and 118 HC (mean age, 40.0 AE 13.6 years; 58 men). There were no significant differences in age or sex between the patients and HC. All participants were of Japanese ethnicity, biologically not related, and aged less than 65 years to avoid the possible effect of geriatric cognitive decline. The subjects were recruited through distribution of research recruitment forms, advertisements in a local free magazine, and an announcement on our website and at the National Center of Neurology and Psychiatry (NCNP) Hospital, Tokyo, Japan. The participants were screened for any axis I psychiatric disorders using the Japanese version of the Mini International Neuropsychiatric Interview (M.I.N. I.), 15, 16 administered by a trained clinical psychiatrist. The diagnosis was made in accordance with DSM-IV criteria, 17 based on the information gathered from the M.I.N.I., an additional interview, and medical records, when available. The HC were volunteers without any current or past history of psychiatric disorders. Participants were excluded if they had a history of neurological diseases, substance abuse, or mental retardation. The study protocol was approved by the ethics committee at the NCNP. After the study was described, written informed consent was obtained from every participant, and participant anonymity has been preserved. The data were gathered in accordance with the latest edition of the Declaration of Helsinki. 18 
Clinical assessments
Cognitive function was evaluated with the Japanese version of the BACS (BACS-J). 5, 19 The z-scores were calculated for each BACS-J score using the mean and SD scores of the HC. The BACS-J composite score was calculated as the mean of the z-scores. The symptoms in the patients were evaluated with the Japanese version of the Positive and Negative Syndrome Scale (PANSS). 20, 21 The daily doses of antipsychotics administered to the patients were converted to chlorpromazine-equivalent doses (CPeq), based on the published guidelines. 22 
MRI data acquisition and processing
MRI was performed on a 1.5-Tesla Magnetom Symphony scanner (Siemens, Erlangen, Germany). High spatial resolution, 3-D T1-weighted images, and DTI data were also acquired. Detailed information on MRI parameters used has been described in our previous article. 23 Data were excluded if any abnormal findings were detected on the brain MRI. The VBM analyses were performed with Christian Gaser's toolbox (http://dbm.neuro.uni-jena.de/vbm8/) running within the STATISTICAL PARAMETRIC MAPPING software package version 12 (SPM12; http://www.fil.ion.ucl.ac. uk/spm). 24 Each gray matter map, converted by the VBM8 toolbox, was then spatially smoothed with an 8-mm full-width at half-maximum Gaussian kernel in order to decrease spatial noise and compensate for the inexactitude of normalization. The DTI metrics were calculated using TBSS analysis. 25 An FA threshold of 0.20 or lower was set to exclude the peripheral tracts.
Statistical analysis
Categorical and continuous variables were compared between the patient and HC groups using the χ 2 -test and Mann-Whitney U-tests, respectively. The effect sizes for the χ 2 -test and Mann-Whitney U-tests were calculated using Cramer's V and r, respectively. Correlations were evaluated using the Spearman's rank correlation coefficient. All the statistical tests were two-tailed, and a P-value < 0.05 indicated statistical significance. Statistical analyses were performed by using SPSS version 23.0 (SPSS Japan, Tokyo, Japan).
VBM statistical analyses were performed with SPM12. Only modulated non-linear data were used for the analyses. The significance level was set to the Cluster Enhancement' option with 10 000 permutations in the 'randomize' menu. 26, 27 The significance level threshold was set at P < 0.05 (family-wise error [FWE]-corrected). The differences between the patient and HC groups were analyzed using VBM and TBSS, controlling for age and sex. The correlations between the BACS-J scores and the regional gray matter volumes (in VBM), and the white matter FA values (in TBSS) were assessed, controlling for age, sex, and psychotropic medication use among patients, while they were assessed, controlling for age and sex, among HC. In the correlation analyses, the gray matter regions where the volume was significantly reduced in the patient group compared to the HC group were used as an inclusive masking image in VBM, while such an approach was not employed in TBSS.
RESULTS
The demographics and clinical characteristics of the participants are shown in Table 2 . The level of education was significantly lower in patients with schizophrenia than in HC. All eight measures of the BACS-J were significantly lower in the patient than in the HC group. Correlations between the BACS-J measures and clinical indices in the patients and HC are shown in Table 3 . There were numerous significant correlations, as shown in Table 3 .
Gray matter analyses in VBM
There were gray matter areas in which the volume was significantly decreased in the patient compared to the HC group (peak-level t = 10.81, FDRcorrected cluster-level P ( 0.001, total cluster size = 169 369, Fig. 1 ), while there was no area in which the volume was significantly increased in the patient compared to the HC group. Among these areas, the working memory BACS-J score positively correlated with a cluster volume consisting of the anterior cingulate and medial frontal cortices in the patients (peak-level t = 5.19, FDR-corrected cluster-level P ( 0.001, cluster size = 8525, Fig. 1) , while no such significant correlation was observed in the HC (data not shown). In contrast, when a scatter plot was drawn at the peak-level, there was a significant positive correlation between BACS-J working memory score and gray matter volume in both patients with schizophrenia (r = 0.46, P = 0.0000004) and HC (r = 0.29, P = 0.0017; Fig. S1 ). No significant correlations between the other BACS-J measures and the regional gray matter volumes were observed in either the patients or HC.
White matter analyses with TBSS
DTI analyses revealed significant reductions in FA values diffusively in the white matter areas of the patient compared to the HC group, while the motor speed BACS-J score positively correlated with the white matter FA values in relatively diffuse areas, such as in the corpus callosum, internal capsule, superior corona radiata, and superior longitudinal fasciculus in the patients (FWE-corrected P < 0.05, Fig. 2 ). However, there was no significant correlation between the motor speed BACS-J score and the regional white matter FA values in the HC (data not shown). The other BACS-J measures did not significantly correlate with the regional white matter FA values in either the patients or HC.
DISCUSSION
In the present study, we identified significant correlations between BACS-J scores and brain structures in Japanese participants. The regional gray matter volumes and the white matter FA values were reduced in patients with schizophrenia compared to HC. The working memory score positively correlated with the volumes of the anterior cingulate and medial frontal cortices, while the motor speed score positively correlated with the corpus callosum, internal capsule, superior corona radiata, and superior longitudinal fasciculus FA values in the patients, but not in HC. We investigated the association between BACS-J scores and whole-brain structure in a relatively large sample, and observed several significant relations in the gray and white matter areas of the patients' brains. To our knowledge, these structurecognition associations have not been presented in any whole-brain MRI study using the BACS. The brain areas with reduced gray matter volume in patients with schizophrenia were similar to those previously reported (e.g., the frontal, temporal, paralimbic cortices, and thalamus) in a meta-analysis 28 and a meta-review. 29 In contrast, there was no area with increased gray matter volume in our patients, which is inconsistent with some reports that regions such as the putamen are larger in patients with schizophrenia than in HC. 8, [30] [31] [32] Among the areas with reduced gray matter volume, the working memory score positively correlated with the volumes of the anterior cingulate and medial frontal cortices in the patients. This contradicts a prior BACS study 13 in which the effects were seen in the temporal cortex. Furthermore, several studies have suggested that impairment in the dorsolateral prefrontal cortex is related with working memory in schizophrenia. [33] [34] [35] [36] Although functional aspects were not investigated in our study, among the prefrontal regions implicated in the physiological mechanisms of working memory in humans, [37] [38] [39] [40] the anterior cingulate and medial frontal cortices are suggested as the structural bases of working memory, as measured by the BACS-J in our patients with chronic schizophrenia.
The motor speed score was associated with diffusively reduced white matter integrity in the corpus callosum, internal capsule, superior corona radiata, and superior longitudinal fasciculus in the patients, but not in the HC. Impaired white matter integrity has been implicated in the neuropathology of schizophrenia, 41 and major fiber tracts, such as the corpus callosum and internal capsule, are reportedly impaired in schizophrenia. 42 Motor fibers in the corpus callosum have been shown to connect the bilateral hemispheric primary motor cortices. 43, 44 Gross fibers in the internal capsule and superior corona radiata connect the motor cortices with the basal ganglia and spinal cord, carrying motor information; 45 and recurrent fibers in the superior longitudinal fasciculus interconnect the parietal and premotor cortices, transmitting taskrelated signals. 46 Given that all gray matter areas are connected by white matter tracts, our results suggest that their integrity disruption may cause the impaired motor speed observed in schizophrenia.
In contrast, there was no correlation between the verbal memory, letter fluency, category fluency, attention, executive function, or BACS-J composite scores and any brain structures. This contradicts the findings of the studies with the SCIP, 10 MCCB, 11 and BACS 13 in American, Asian (Chinese), and Spanish patients with schizophrenia. Although the reason is unclear, this may be owing to the neuropsychological heterogeneity of schizophrenia, [47] [48] [49] presented across these studies. In this study, we could not detect the association of the six BACS-J measures (including the composite score) other than the working memory and motor speed scores with the brain structure in Asian (Japanese) patients with schizophrenia. In addition, there was no significant correlation between the BACS-J scores and either gray or white matter structure in the HC in the wholebrain analyses with correction. This suggests that the BACS-J scores, gray matter volumes, and white matter FA values of the HC were too high compared to those of the patients group, resulting in ceiling effects on the correlational analyses. In contrast, a positive correlation between working memory and anterior cingulate/medial frontal volume was found both in the patients and HC in the regional analysis without correction. Considering that anterior cingulate/medial frontal volumes were reduced in the patients, the correlation coefficient might have become lower because the volumes of these areas were spared in the HC. In this context, worse working memory might be attributed to less brain volume in the patients compared to the HC.
The present study had several limitations. First, although we used whole-brain analyses with the correction for multiple comparisons to exclude type І errors, type II errors might be included simultaneously. It is possible that the type II errors could be excluded if the region-of-interest method was used; however, our study was conducted with a relatively large sample, and that would contribute to minimizing two types of error in this study. Second, apart from the brain structure, there could be many other factors possibly attributable to the cognitive deficits observed in schizophrenia, while the correlation analyses were performed controlling for the effects of age, sex, and medication. The effect of cumulative treatment exposure may be one such factor. Finally, as the patients in this study had a relatively long duration of illness (mean, 15.4 AE 10.2 years), chronicity could have affected the results. The association between BACS-J scores and brain structures might differ from the presented results in first-episode patients with schizophrenia (i.e., patients exposed to a short period of treatment). Further studies with first-episode patients with schizophrenia are required to avoid the possible effects of treatment.
In conclusion, the working memory BACS-J score was associated with anterior cingulate and medial frontal cortices volumes, while the motor speed score was associated with corpus callosum, internal capsule, superior corona radiata, and superior longitudinal fasciculus integrity in patients with schizophrenia of Japanese ethnicity. Our study suggests that there is a correlational relation between cognitive deficits in schizophrenia, as measured with the BACS, and specific brain structures.
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